Motor impairments and neurochemical changes after unilateral 6-hydroxydopamine lesion of the nigrostriatal dopaminergic system in monkeys.
Unilateral lesions of the nigrostriatal dopaminergic system were induced in five monkeys by intranigral injections of the neurotoxin 6-hydroxydopamine. Following the lesion, all monkeys showed a transient reluctance in using the contralateral forelimb, accompanied, in two monkeys by semi-flexed posture of the disabled forelimb. Three of the monkeys that had been conditioned to perform a visually triggered goal-directed arm movement, showed an increase in latency and duration of contralateral arm movements. Task performance recovered spontaneously to preoperative levels within four months in two monkeys despite significant reductions of endogenous dopamine and dihydroxyphenylacetic acid contents in the caudate nucleus, putamen and globus pallidus ipsilateral to the neurotoxic nigral injection. The third monkey exhibited a persistent increase in movement latency associated with a near complete loss of dopamine in both the putamen and the caudate nucleus. In all cases, an increase the dihydroxyphenyl-acetic acid to dopamine ratio was detected in the striatum and pallidum suggesting a compensatory increase in dopamine turnover in remaining intact dopaminergic nerve terminals. The level of serotonin was changed in all monkeys consisting of either a decrease or an increase, depending on the striatopallidal regions studied. Changes in choline acetyltransferase and glutamic acid decarboxylase activities in the same regions were only seen in some cases. The present results show that 6-hydroxydopamine-induced partial unilateral lesion of nigral dopaminergic neurons produced predominantly contralateral hypokinesia, accompanied by reductions of dopamine content in the ipsilateral striatum and pallidum. The use of this locally applied neurotoxin appears to be a suitable method for investigating neurophysiological mechanisms underlying hypokinesia since deficits in both initiating and executing movements can be expressed independently of other behavioral symptoms. The results show more persistent deficits in starting movements than in their execution and thus suggest that motor initiation is more dependent upon the functional integrity of the nigrostriatal dopamine system than movement completion.